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Jitter measuring device including a Hilbert pair generator (11) for transforming a measured signal into an analysis signal of complex 
number, a momentary phase estimator (12) for estimating the momentary phase of the analysis signal, a linear phase eliminator (13) for 
determining the phase noise waveform by subtracting the linear phase from the momentary phase, and a peak-to-peak detector (14) for 
determining the RMS jitter and the peak jitter from the phase noise waveform, and a mean square detector (15). 
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m m 9 

r.CD^BJti^iJ^Lfi'-v^l' ? n =t ^t'a. — 9 (microcomputer) fiKD&M? & y ? 

ii* 30 ^COF^l- VLSI (Very Large Scale Integrated Circuit) f- y~?±.(D 
l7l/ f J*?<Dm-&, Moore ^jfeIIJ»CtSo-Cffi«CRI«c6<}»-i«APUjKt"t-C*5t»» 
^n=r^t°^ — *<Z>^n -y *JSUfc#<b Moore <Dmm\Z'&iXm%tiM$kW)lzmM 
L^ftTV^o TOt'(±rco^n- 7 ^liStl±l. 0 GH z <DPB#£ig;t<fc 9 
£ LTV^o (For example, see: Naoaki Aoki, H. P. Hofstee, and S. Dong; 
"GHz MICROPROCESSOR", I PS J Magazine vol. 39, No. 7, July 1998) c (21 111 
Semiconductor Industry Association: "The National Technology Roadmap for 
Semiconductors, 1997" £ tlX V ^5 -vf * n = > — ^ <£> ^ a y 2 MM 

(Offlfc^TF-t-bOXfoZic rOill^iiRMSv'-y^ (root mean square 
jitter) t^Pyh^Ht^5. 

ffrSrlfeU m^rfitei^^^— ^ (phase-locked loop: PLL) ESg— A^"T 5 w 

fift^lt^ (maximum likelihood estimation) {w£J-/£i-£> 0 L^L, 
<F>%m\Z.& V) SlUlf^^iil^f-^ SrIE L < S£"C£/«£^ 4: £ l-Wu &ft 
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GaAs^CMOS y t ' <y ( ^R^^ffl^T VLSI fc£*lTl^„ 

9 JV^gffR (cycle time) MStJfci - *!),, (For example, see: Mike Johnson; 
"Superscale Microprocessor Design", Prentice-Hall, Inc., 199l) e 9 P y 9 

? p a ^{c*5V^Xfi> * p s>^|g£S£l±ft{LO!mSiaSg£:l^l— Ofy^l 

fc£Sf$*l<5. — ^!lir LTI2I 2 Pentium f-y^^TFi-o HI 2 Cl:}oV>T &V>M 

S (complementary metal-oxide semiconductor) 7° n ir .X ^rftjffi LT^S c? frl 

Mit^^'r^Xn^^^y 9 (RMS jitter) Xf± RMS i>y ? &MMX*&Z> 0 

y?l±, t°— (peak-to-peak jitter ; i/ y $ <D^iM\%) ^^^gftf^Jl 

wtLfC^J-U. iiff PLL @Sg©f^ Mw«\ RMS ^y^&iEttKiaSjS 

•y * « £SS <£> Jt Ifc £ * t * "C Tjk-Tc 
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3 

?LLm&<Df*i&{ttf3rm>-vibznmfflffl&m& (vco nmm&m&^X'Z z>m 

^<D&W\zmm-fZ) PLL [Ui&li, fcttffl$i%ti8imm (phase-frequency 
detector), — v^V^HJSS (charge pump circuit). jV—-f7>(r\/? 

(loop filter), &T>* VCO ^Mc^tl^o IS 4 ^ PLL 0]&<^S*:[h]3§#|/&&:/ 

FF 2 i 1 OWAND-y— H J: •3#fiK$tLTV^5 0 ilWDi7y >>7"7ny7 
D— F F y ^#£ip c k \Z.\iW&9 v (Reference Clock) £fc, 

|2©D|7 1) 5/7*7a y^D- F F2iD^d -y^iffi^ 1 c k t'fi PLL 

(pll clock) asepansns, ^-^A^JSS^Dtcjijftatfc *r **«i&$*tT 

±3Blel8&fl*J5fc{:::l3v*-£\ i7 !l «^7 , 7 n y/W 2 o« Q ffl^j^^lc V £: 
AND-y- h^7]J 5/^7P s^Sry-fey ht5o <fc*BJg&#tfetfcl*f±* 

.^j&^S:(fi<-9-5DOWNff %r%mt}1rZ) 0 (For example, see: R. Jacob 
Baker, Harry W. Li, and David E. Boyce; "CMOS Circuit Design, Layout, 
and Simulation", IEEE Press, 1998) 0 

titfBja&#tfem«§ (pfd) <D#imm&m&m6^7jk-t 0 {tLnm^mmm^ 

mm? d y 9 t PLL 9 p y ? <£>3fcibJ2)&s Dxy <fc "9 ^SS^-TSo 0iJ£{£H 

7{OTfj;9l:, 4 0MHz CDg*P? u y? (Ref Clock) I' M U PLL * a y 9 1f> 
3 7MHzCDi:^:c(± % mfe$k*#i<-tZ>tc£>lZ 2 m$:1b±.fr <0 ^ y i?l?.£<0 ffi 

f&£tiz&fmr$mv>m. u pflr^wyj S2p^ p y * £ pll ? p y ? t 

^-T3<i:. i£fflf3«E«[tfeWSJ±J!fcW<l#tS*:Wi"5o (For example, see: R. 
Jacob Baker, Harry W. Li, and David E. Boyce; "CMOS Circuit Design, 
Layout, and Simulation", IEEE Press, 1998) 0 
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(i) Aft? p yfCDtL-htfity^y v^lCfc «9ibf^i-5. ^ay^©/<;l/7(|ft 

(ii) S!|ljqS[«C(Oiffl|jfiiCn 5/^ L&V\ 

(ui) /u-^b 2 o(D{±i^ 'o' -c*>s*»e>s z^--?? 

/£.«)»B'J"et*V^, fcS^flg^^^TyT' (hang-up) LTLI?, -£\ 

(iv) ffifflsag^mssrt^iwttiK-c*)*. 
^^-^^T'lEigsii, (pfd) *»6waii3a(s-§-up. d 

owN^HwrtoTO^ (i p , -i p , 0) \z.mkirZ>o twi^it 

^{f ^Ix^/l^^^^Si&^i &3/^^fc£o (For example, see: Floyd M. 
Gardner; "Phaselock Techniques", 2nd edition, John Wiley & Sons, 1979; 
and Heinrich Meyr and Gerd Ascheid; "Synchronization in Digital 
Communications", vol. 1, John Wiley & Sons, 1990) 0 

i p =I p sgn(T) (2.1.1) 
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ip =0 (2.1.2) 

btH&o (For example, see: Mark Van Paemel; "Analysis of a Charge-Pump 
PLL: A New Model", IEEE Trans. Commun. , vol. 42, pp. 2490-2498, 1994) „ 

*tL"Cfi- i <Dm&%iz> 0 2o^^;fs P s a^Mi^-o^s t %\ax, m 

^i"S„ HI 9 a (CTF-f-J; te^R 2 t^&C $rB:yiJK8Hfc-$-5i: 1 
-^^/^^fflSt^S. (2. 1. 1), (2. 1. 2) ip 

■h, m 9 b {ctjw- «t 9 tc, fra-siE v CTRL {tmmx<Dm v ~T\z.mt-rz> 0 m<om 

rajrfcV^li, ^J^m/E V CTRL I±— ^(Dffi[<D*4-e*)S (0IJx.»i. ±IE Mark Van 
Paemel <DjC&t&M)o 

V C TRL(t) = ^l t t 0 ip(x)dx + VcTRL(to). 

V C TRL(t) = IpR2 +^-(t"t 0 )+ VcTRL(to) 2) 

iZ.mHir^o (For example, see: Jose Alvarez, Hector Sanchez, Gianfranco 
Gerosa and Roger Countryman*. "A Wide-bandwidth Low-voltage PLL for Power 
PC Microprocessors", IEEE J. Solid-State Circuits, vol.30, pp. 383-391, 
1995; and Behzad Razavi; "Monolithic Phase-Locked Loops and Clock 
Recovery Circuits: Theory and Design", IEEE Press, 1996) 0 ~ ("OSSfE^**^ 
Tf2 Ronald E. Best (D&VD&iXMfo \ ^-7*7 ^f;^^ri 1 Ol:^tSif)7 
4 IV? t LfCo (see: Ronald E. Best; "Phase-Locked Loops", 3rd 
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edition, McGraw-Hill, 1997) Q h I2\ -H <D Ronald E. Best (DXfifclZMTF 

tfc> V V l»36*JfcV^6"C*>S. Hi 0{C*5V^TC = 250 pF, R, = 920fi, R 2 = 

360ni^:^:u/c o vco n, mi i ic^H-J: 9 1 3i£<7) cmos -y ? 1 n 

• 1, IN- 2,- • IN- 1 3l£«fc t)«J5fc£*L-C^5 0 liStlil±5VT- 

mSE$iJ«tg^ vco o&^ttkm^^fckHSo 

f VCO = K VCO V CTRL 3 ^ 

K vco (i vco (opv^h K> . -^i^ii Hz/v -?fc£> 0 

PLL ^Is^flifig (S2P^oy^i: PLL {7 d ->^(D5E^±^ 19315, S?j4«— SfcLT 

^[hISS^/^— ^ -y /i/^ vco (iff ^§-£^ «9 JR t) -tir-f , ^tL^TNPrtSMKfll 
SrHHSUttttS, ^ftKfctU Sip* n 5, * i: PLL * p y^Ci^^yv^ 
^-ifcL-CVN&i^#Kli (#III»Wtfi), VCO ©»iSHjft«c*:*3Ei-5yS:i!>»i, 
ffi*SJaifi«miMSttUpX{iDownfS#Srl±J^-r5„ ^r<D^^, '&®t<D?-* — i?# 

5<, fi£oT, PLL H]i^(D^l35$t^ 1 ?riiJ^i--5l^(±, PLL Wk^nWfcMtt 5 & 
^fo5^<t^^^^ 0 — PLL leJS&^M^iW^jSlffiiWS:^* h-tZtzlto 

B^Pb^^ a ^ /°/Uj^.(7)/-?/UXi|ii^^F$iz5^C^-5 0 (For example, see: Ron K. 
Poon; "Computer Circuits Electrical Design", Prentice-Hall, Inc., 1995)„ 

Hi 2><z, ? □ y ?s*/\s*#\<D±ib±&K)^?fitiLibTtfVf&ffi(DiSy **friir 0 
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^"Cfc'So (For example, see: Todd C. Weigandt, Beomsup Kim and Paul R. 
Gray; "Analysis of Timing Jitter in CMOS Ring Oscillators", 
International Symposium on Circuits and System, 1994) „ Z-CDtz£>, ZL<D 

WKfct^-Cti. 3=t£i?y?tBSH* VCOX'&Zk LT\ VCO (DZ&MffliJ&O)? z/ff J*- 

vco ?(D%.*iMJ£1-Z>iax vco ^cd=i#^^ 

T?^^7iztebte\,^m*PLL®&iam£i£z&m*&z> 0 fox, 
-<fc«fc5^, pll ®m^m£^zmmAt>m^te-femmt:m&i'mftvmi-t, 
mzm pll mss^ti^^m® £ ? ici-s r <t &mmx*3bz> 0 :»ut 
ffe^Et^n 1 3 \z7jk-r Q 

Acos(27tf 0 t)(Dmit>SC7)ft/Hii:-A^ 0 %, ^:tf>ft;Mi£+ AS: 100 «it5i, 5 

^ (zero crossings) <t£p.&o 

(oscillator) *>>£$g£ $ HZ ^ >®.&M t LTfM$f£^ (phase 
noise) ^ll^t-5 0 3M3§$IS5 (ideal oscillator) (DttiJlit^r X IDEAL (t)l±l 

X 

IDEAL CO ~ A c COS (27tf c t + 0 C ) (2.4) 

s„ ii^^sn!c-ex IDEAL (t)^«iiij-r5<!:[a 1 4\z7^vt^x ?\z%k*s<? ymz 

Xqsc (t) = [A c +£ (t) ] cos (27if C t+0 C +A(J) (t) ) (2. 5. l) 



X 0SC (t)=A c cos(27cf c t+6 c +A(j)(t)) 



(2. 5. 2) 
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jg»ojg«a&r8(t)^Bi: lt^^js^^o A<Kt)»±fi[ffi<ose>frs:«-t-o 

IP*>. A*(t)l4a«W* = -^'T>lleSrttffif6»li-6q|-C*>a. OTf£*H#6 c fiK 

mi 6tc^-r«t5«-*isflr^'X 0SC (t)«r««[*fciH«iiaE*'fai:, fits 
rr-c% pll ^^(ommA^omm^it, /^y7^^A^sof ; w 

^^{C^LV^r <t £:93e>J&»K:i~5o (see: Floyd M. Gardner; "Phaselock 
Techniques", 2nd edition, John Wiley 6. Sons, 1979; and John G. Proakis; 
"Digital Communications", 2nd edition, McGraw-Hill, 1989) c PLL HI 3g^ <D 

mm^^mm^-^m 1 7 \z7fk-r 0 f^m^mmz-t^fttbiz, pll 

X ref (t) = A c COS (27Cf c t) (2.6) 
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X noise (t) =rii (t) cos (27cf c t) -n. (t) sin (27cf c t) (2. 7) 



vco (osffiffifr 



Xvco(t) = cos (27if c t+A(J)) 



(2.8) 



taifli(t*X ref (t)+X noiae (t)J±ffiffi«W»lcA^L, HiS«Effe^»l-^»i-5« 



x PD( t ) = K PD 
- K PD A 



cos(A ^) + £i(0 cos(A<|)) _ V(0 sin(A ^ 

2 2 2 , 

( A(J) ) + f C0S (A(i») - ^(^jj 



(2. 9) 



x noise. LPF 



( t ) = Bifii cos (A«t») - ^1 sin^) 



(2. 10) 



n 0 [v 2 /hz] ti&fe-tz t, (2. io) jo»p>, r^/u— yy^jis? Ati^nm 



Gnn(f)=^[V 2 /Hz] (2.11) 
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$ S^f^j b^ i 5'"t"'5 (see: Heinrich Meyr and Gerd Ascheid; 
"Synchronization in Digital Communications" , vol. 1, John Wiley & Sons, 

i990) o mwotiihiz, e^ot-tzt, mxm^-<D&te9 0 i±mmzMfo-i-z> o 

Ge o6o (f)=|H(f)| 2 G m (f) (2.12) 

H (s) = ^ = KvCQKppF(s ) , (2. 13) 

Gi(s) s + k V co^pdF(s) 

^-^HffG^df (2.14) 

T4t^5o 5*; (2. ll)^5t(2. l4)\ZRA-fZ>k 

4*=^B e (2.15.1) 
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(2. 15. 2) 



N 0 B e 




N 0 B e 



5 e r^-C, B e li/U— ^O^ffiat^^aEilST&S. 
fP-f^^CO^-C^ft-fS (see: Heinrich Meyr and Gerd Ascheid; 



"Synchronization in Digital Communications", vol. 1, John Wiley & Sons, 



in i 9 li, vco ortsas^^ta^l^T ^ /^^^uTv^s 0 is vco otb^^T-^M 
e p (sm 

e p (s) = Kp D K V CO— ^(s) (2. 17) 

s 



1990) o VCO (Dtiitlim%- : k 



VC0» noise 



= A c cos(27r:f c t + 9 p (t) + ¥(t)) 



(2. 16) 
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o(s)=e i (s)-e 0 (s)=e 1 (s)-(e p (s)+v{>(s)j (2. is) 



5C(2. 17)<7?e p (s)Sr^;(2. 18)(CftA-r5 <t 



<D(s)= 8 i (s)-[^ KppK ^ C0F(s) O(s) + T(s)j (2. 19) 

s 

<t&5 0 5£ (2.13) £5£ (2.20.1) iCftA"^ <t 
<D(s) = (1 - H(s))(9i (s)- 4>(s)) (2. 20. 2) 

<4 =^J*|l-H(f)| 2 G4^(f)df (2.21) 
kftZo BP - *?, vco W^tUfiffi^li, ^iii§7^/u^S:ilo^^-^ PLL ® 

~<D£?iz, vco (DiH&mm^i* vco (DzsmfeB^&fam^'^teZo $<b(^, 
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pll E\i&<Dwmm : & j $> vco (Dft&mm^ix vco <DmMfem<D&MM^mm 

$n^ 0 Ig^^D yffrh PLL[U?g(D|±}^l*t*W/^^^*tJ^L-C, {£J12M#X 
(i^^^-^itg^i L-cma'J^tL^ D t£oT, PLL [a]2gtf>$£^f± VCO CQ3§ 
ti^^(M^M6rS:#^5^m?r^o- <t^^^i^ 0 vco A£j<Q<d 

m,i£^W]t^mx*tbz> 0 ^<Dmw^&\,^xiz, vco (DAtimzmm^-^M^, 

fflmt&X®\7££th, RMS v?^/^fijgl^^«T*zl'J^$ixSo ^tt^^v 5 ^^^^ 
^*£f±t« 10 ^a^<7)^^ HB#P^$r^-t-5o — VLSI (^^^ h-eii, h 

<y ?$J5£^Nfel2 VLSI <^S^Ja7'l' ^X*<DtX M~{±jgfflT*#&l\, 

^comwx*nmfr®.<D~<Dfem : & ? d^<d^sj t^ci^ts, 1112 

i {c^-r^^-^^jt m%(omm? * ^^^x d50% (t) £W^o-ci&e;!1-& 0 

rcD^ n ytmftXDmm* T 0 kirZ>k, t(D Fourier fElfttt 




(3. 1) 



T 0 =j5(f-f 0 ) (3.2) 
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Ac L, ffiiiSE i: SW©lffIiro V > T l±« T^BEi*- 5 . 

Hilbert t Mtifit %r (analytic signal) toV ^XM®\-$-%> (#Jx. 

s£(3. l)a»ib#a><5 <fc 5f-, StJKX a (t)O Fourier fr^i" 5 jEOJil 

h/U (two-sided power spectrum) <t V%\S.lXZ> 0 M<DjM^&Wc<D *s<<? h/Wi 

iTO*^* h/Wi f = o ©«lcB8U-cst#-cfcS. BP^, s aa (-f) = s aa (f) c b 

^T*£6 0 CItUi, JiMffl*'** (one-sided power spectrum) £rP¥i£tL5o 



G aa (f) = 2S aa (f) f > 0 
G aa (f) =0 f < 0 



(3. 3. 1) 



G aa (f) = S aa (f)[l + sgn(f)] 



(3. 3. 2) 



•cti- i<^flt*j&a„ r^mmi*^ h/^, ««ffgf z (t)<D^-<^ h/n-^f 



z(t) = x a (t)+jx a (t) 



(3. 4) 



x a (t) = H[x a (t)] = Ij:;^d, (3.5) 
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kte&o m&Mitt^i&BxMizMfo-fZo i&%cm±7t<D$im<D Hiibert mm 

x a (t)-e#X.e>tt*„ iU3.5)-C7FLfcck 9 Jw, frZfcl&XaitfcD Hiibert £ft 
X a (t)t±, Stfl2x a (t)£— <^»&3* (convolution) t?-5-X. 6*L5 0 

Ttt 



w (D$£WX«Wl 0 &M<D Hiibert &&&'&lbX3*Z>. &*0Kl, =» INT ^tt© 
Hiibert 



H[cos(2.f 0 t)] = -If^SEfe&ldt = _lj ^co S (2 7 rf 0 (y + t)) dy 
os(2,f 0 t)C COs(2ufoy) dy-sin(2uf 0 t)J_ + ; sin(27lfoy) dy 



H[cos(27tf 0 t)] = sin(27tf 0 t) 



(3. 6) 



H[sin(27rf 0 t)] = -cos(2jif 0 t) 



(3. 7) 



m^., ^ n ^^^^{r^C&i-S^jRO Hiibert ^^r^m-rSo (0»Jx.l« 
fflU3£r#SB)„ HI 2 1 Wgfi^ P v?mj&<7) Fourier 



r\ 1 2 

x d50%(*) = ~ + - 
2 7t 



2tc 1 „ 2tt 1 

cos — t cos3 — t + — cos5 

T 0 3 T 0 5 



To J 



(3.8) 



T'fcSo Hiibert Hclft{±. 5t(3. 6) Srffl^S t 
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H[x d50 o /o (t)] = - 

K 

Ztl^ftlgi 11 lk%.-Z'<D&ftmX«&Z> 0 Z.<DM<Dffl%n o l± 20 nsec -e&5 0 

SWff-z(t)l±, J. Dugundji ^^^(7?^^^ (envelope) "&&]\Z-$:£>Z> 

z(t) = A(t) e j 0 ( t ) (3.10.1) 



A(t)=^(t)+x2(t) (3.10.2) 



. 2% 1 . ,2* 1 . _27t 
sin — t — sin 3 — t + —sin 5 — t - 
T 0 3 T 0 5 T 0 



(3. 9) 



0(t)=tan" 1 (3.10.3) 
L x a(0. 



tteZ> 0 A(t)liX a (t)<D&1(&m*fk-f 0 ^(Dtztb, J. Dugundji {± z(t)£:7°<J£2 
(pre-envelope) <tPf/uTn>3 0 0(t) f±X a (t) (Dm^ flfctB (instantaneous 
phase) iWfSWOS^ -<D^fiti^i^t5^* ? 

t&X°£Z 0 Hilbert SEJfeli, ^Srft?^S-§—^-rSfc«)^^-^T*)So 

1 . SSiS Fourier 3E*S:fflV^-CK^S:J5afe«[««c^lE*fei-5o 

2. fc<aJSSaB:J*# : £-£p!w# ^ h U IE<^«J&#£ 2 fg^-T£ 0 

3. ifiigFourier M^ffl^T*^? h/U«:l*IW1W*^fB*-t-*. 
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f&fBTV^ yzf^ : &.\-&&M ; T~77- r- ~7 (complex cepstrum) ^TzfrK 

e iog( Z ) =z ttezft^fem&kmm-tzk, 



tft* mfLttXtikc 6«r#l«0. B#p H m^X a (n)OFourier'£&£S a (e jtD )<!: 
-t"5o ^<on%mM%*^-? h/u log|S a (e j<B ) | HM*^ H ^ ARG [S a (e jtD ) ] £1t 
fSf*^:? h/U<B25^£lii*Wfc#J££it. Fourier igfEJfc&fTfc 9 £ , 
h7^c a (n)^He,|l5 0 



W Fourier ^^^iaC"C0f WfS^c^:^i-l£«fc-r 5 H**"^* Y 7 J** 
(unwrapped phase) J^#A£*L7t 0 T ^ V V {^(Dmm^W^ir 



log(z) = log|z| + jARG(z) 



(3. 11) 



Ca(n) = iL>g[s a (e^|j 



jcon 




(3. 12) 



arg 



codARG 



d n 



dn 



(3. 13. 1) 



WO 00/46606 



PCT/JPOO/00644 



18 



arg 




(3.13.2) 



::X', arg IJ7 ^ 7 ^f£fi £^-f 0 Ronald ff. Schafer ^ Donald G. 
Childers l~<fc«9, ig&^^i'i*!*^ h ^FiIM.££l& t , 7 

T/U^'i; XA 2 : 

1 ARG(0) = 0,C(0)=0 



3 arg(k) = ARG(k) + C(k) 

7£#Bg) 0 

y IE L< 5R#)<5^i:7!>ST*£&V\ 3.cDt£J®te, Jose M. Tribolet (Cfc 

^^^^/c c En^ ( ^(3. i2)<D&+@w^Kmig^^^i'J^J:5^fiS^-eia 
bsj 0 'C/5J: o :ar, 



2 



fC(k-l)-2n, ifARG(k)-ARG(k-l)>7i 
C(k) = | C(k - 1) + 2ti, ifARG(k) - ARG(k - 1) < ti 




otherwise. 



WO 00/46606 



PCT/JPOO/00644 



19 



argK(e jQ )]=ARG^ a (ej«)] + 27cl(n) 

(3. 14) 

(D&WM&ifrlbZo Tribolet (D~7 JV^J V Kuno P. Zimmermann (^J;«?B# 

fflmi&v> fitter is ? yzfTtvxd v XA^tt:5i$n-cv^-5 (MzL&Xfikc 9£# 

g (x) = a + bx (3. 15) 

£rH,otf5;i tX*foZ> 0 lit, a i: b li*tf>£^#:-t*£>5 0 g(xi) ^ 
(x it yi )oP^2^iRli 

L 

R= ^(yj-a-bxj) 2 (3.16) 
i=l 



^=L(y i -a-bx i )=0 (3.17.1) 
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^=Zx i (y i -a-bx i ) = 0 
* i=l 



(3. 17. 2) 



- L ZxiTa] = r Zyi 1 
LxflbJ |_2> iyi J 



(3. 18) 



2>? -Zxi 
"Sxi L 



L2> 



,1 

iVi J 



(3. 19) 



a = 



2:xf£yi-ZxiIx iyi 
LZx?-(Zxi) 2 



(3. 20. 1) 



b = 



LZxjyj-ZxjZyi 
LZx?-(l Xi ) 2 



(3. 20. 2) 
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^^^cDfiff^lc^P, <\ ^(D#lo«D^±t)^P>2fc<Diz:±«9^wraiR T int ri* 
^>bt\ ^^^BtPflfiiTint^b: 0 -^^^^ J pp £ L-C3fctf)<bax5„ IH2 3S.T>*gl 



At = 



AA 



A27tf 0 sin(27if 0 t) 



AA 
27if 0 A 



(3. 21) 



02 5(a)!:, /h^R-e&Jf^-fef p ? PXSr^-r o *>6 5t*>_h^«5^y 

-r5*-eWB#ifelJ t i+2 £-T?<£WrilPrSll^f±, KDnf^f ^^SflS:4i5, HI 2 

5 (b)(±if p* o^*»P,3K:«)fcl»l^JaJWpi nst ^^-T (P<9^9i?P^p* t i+l 

i t i+2 75^5tt«67t) 0 i»^/a«t«cf ins ,f±p inst oiS!«fct i -^xLe>*La. 
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Pinst(t i+2 )=t i+2 -t i> p inst (t i+2 )=2(t i+2 -t i+l ) (3.22. 1) 



finst( t i + 2)-l/Pinst( t i + 2) 



(3. 22. 2) 



= — ^SrfflV^T^maft^ o y^m^r x c (t) 

x c (t) =A c COS (27Cf C t+G c +A(j) (t) ) (3. 23) 



27cf 0 t 3 „/ +0 C + A(|)(t3^/) = ±2m7r+y (3. 24) 



2n^Al-xl(t) 



(3. 25) 



x c (t)=0 



/2 



(2 7c A c ) (NT 0 ) (3. 26) 
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9 * y * J PP ?y ( * m<D t,w_ 9 * J y 9 J pp ^ x '*>z° 

J pp =max(A<|>(k))-nun(A<l)(l)) 



J pp ,3^^Jpp (3.27) 
ifn^o^, K«fco-C*«>e>*l,"CL* 5o 111 2 7 {±, 3i*>±^ 9 ^ y *J<D-& n ? 

rii (27l) (3. 28) 

1988^, David Chu f± * -f A^T > * -/</U7t 7 -f if' &3§PJ! L/c mzL&Xffi. 
c 1 2&I>*c 1 3£#B8) 0 MJ^ff^-tf p^p* ni(2u)Mtni 

zftgcfztz, mm$ffltihmm^$m-fz>t><Dxhz> 0 

Iw, (tj, n i )^fflV^5iMr-^'«ffi^^7 , 7'1'>'it (spline functions) 
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<t9(-^ofc 0 L/i>U David Chu A-T >-^— 'VUT^TMIf t> , WJ^ 

^ p y?\t^r(D RMS v^* jRMsfi^^^^fc^Tj&'J^^n^o #J;U£7*— 
*i§fS twioV^-CSB^-T 5 V^'^-O h*>C>©i"*L*S RMS Jrms £: LTPp^ 

(j^lft) fcl*t-t-3H6Stf>£±9^ (Hlft) Wi";h4ftfS RMS v^y^ Jrm S t LT* 

*6<bns 0 m 2 8&tj«® 2 9 ^^^^ h 7 j^'T-r^^-^^m^^tz. rms v^^sy 
02 8 i^^-fitg^i^^^^ h^mmx^Tm^mm^ rms v^y* jr^ K^tts 

X ref (t) = Acos(27lf c t+ 9 0 ) (3.29) 
gfemz*tfc-tZ> 0 A<J>(t) £*TIBI$I3J T OffilRgij U ilffii^«^^-r5 <t , 
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S A4) (f) = J 0 T A<l)(t)e- 27tft dt 



(3. 30) 



G A<|)A<|)( f )= lim ^E[|SA(|)(f)| 2 ] 

T — knr» * 



(3. 31) 



Parseval (D^Mfrh, fitfB*HWil£?f0tf> 2 f^^ft (mean square value) [t 



(DW-frfo d5$Mi£) & RMS (root mean square) v 5 y 9 J™* 1 1¥^ 0 



HI 2 8(C^LfcJ: Jrms 13 y^JHttftificfl* <£> G^(f) Ofr-CjEWKiifi 
f££nf#<5 (0»Jx.tf:SCiS*c l 5#flfDo HBRJi, 5£ (3.33) t^*5VNT«l»i-5 
G^ M (f)^JI3&3&tf)_LPMf max l± (2f c - £ ) T-fc5 0 f5r«t^e>»f, * n y * 
mtSLWti*. «9J£l^i£!&$£SB<a G^(f) Wt5i, * p 5/ ?J3&&rc>ffiggj& 

IB^S, h7A.7t7^f^^it^o ^(3.33)^0 2 8 rt» lb 



E[A<l> 2 (t)] ^ lim ij jA(j) 2 (t)dt = J *G^(f )df 



(3. 32) 




(3. 33) 
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— RMS -^-y^fi^^^ h^-T-^-flf £/B^T^i£i&:1!Bi!rcfiiJ££ix 

^<^± x B#FBim^-ecDv ; ^^S'J^'bjllS^iSK-C'cD RMS S^y * Mfcfc, 10 # 
SS^Sll^NFra^j^Sir-t-So VLSI <Dy"XbXlt, 7^* hmgmtzV lOOrosec 

vlsi <D%m-7x2±*x<D : rx h\armmx£te\,^k\,^m*tex&tfh<z>ti 0 
? a=tisi?zL—?(D?u y ? m&m$ 5 t^m^m 2. 5 ^(om^xx 9 ss^ 

tfeiZHi^XXfr— ^-ffrXtetfitVS.. 9 uzxi/\£ =k — 9<o9 n y^v?^^ 

m-f-o t ; - ? v= >y ^ w tt p> ws"j3£s&- t> *> v * xm fe-r ziat. -y-^zfv 

CD ^ DVD J^ltS S^s'^iB^OllJHSrlttWi-'B. CD DVD (4, )fet-A^f 
h^t-KT? RF ft ^ («fcft#-) !^M5o r^^rot'yhfi, -to 
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5„ h7^ - T-r^JV SrfbV^fc RMS v 5 ^ ^fflf^C*5V>THs RF (s^- 

S: 1b ± JO s 9 ^ y ^ £ *> T # s 9 ^ y Sr ES'J "C t V \ 

9 Sri^tSClif'^^ /is* is* — ^A^-t-Sfe^o AD IT, 

rOiP^WloOl^li, 100msec WS.(D ( m.\^ : T^ Y B^T* t°— ^ *J y $ & 
5 W± RMS 3/ * SrS93£-C# Z* 9 Jv9 SI J&*tfe&U9£IK SrStfci- 5 - £ "C$><5„ 

r <e>$s w (o m tc ftiio n & n * 7 y v 5 y * $j ^e2fe o^fe * set-r « 

wO^g^^MicftHo g mWL^<DtL^b k.'O =■ y ^XitifhT shafts L 
tr — * y * X f ±/& l>* RMS v^y^S: aO^T* 15-^^ SI 7Ei£ t>*#& 

initios, 

tto $> 5 *? y ? m mmm^^-t z>^t^tbz> 0 

Z(DftW<DW.'<Z{&<DB&ty-£-y--( 9 /I* - • f--f {7/VJ y ^SrSiJ^r-#5 
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^ <d$s w (d 5 { - m <d m *>* ^ t (ism r-ru^mt^^^i — * 

glKi^r-l'^crn^k 0 * — a y? fflM b RMS i?y? b<Dm&$:^-fm 

m 2 J£ Pentium <t ^(D^^^ y rf - ■$> v y ? Vv^ ' < lal{&£^i~l2l"'C£><5o 
HI 4 (i P L Lle]g§<D&;fcfHj&£^!H-|H-C£>5. 

m 5 (±fM/gi^^ai^-^j^i-^'p yy-m-e&Zo 
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*l/c ^m»£ m uwnjs- 1 (d mm * ^-tm x *> s . 
01 i iivc omi&<D— m&TF-fo 

0 1 2\%i7 o y ?<Di?y?<D— fltf&TjH-,, 

0 1 3f±v : 5/^(Di|iJ^?*^Ift0J-t-S/cife^0-C-fe5„ 

01 4(±S^^fig^Ct±i^m^^^^ h/^/Ttitfc5o 
0 15 ttffltfMMNC J;5-t? n ^ p ^<^^{k;Sr^-r0T**>5o 

0 1 6f4te*B*IWfc:«fcS*'*? h/KDt£t5:5:^-r0T'$>5o 

0 1 7 !±Atimzm : &$:ttlJQl'fzVCOmft&7jk't-7v2 y?mx*&>z> 0 

0 1 8{±A^^^^^^0LfcVCOlaI^t^ffi^flil<DVCO(Hl8S5r^-r^ 

0 1 9{4P fc 3ffl&ti«lt : S:Wi-SVCO|HlKS:^-*-^ , n y^HtfcS, 

02 0liv ? s'^5r->5aU-v'3 >" L 7c P L L@g&£7jH-?'t3 ;y ^0-C&£ o 

0 2 1 lllffi^ P -y ?fel&&7jk't®X'&>Z>o 

0 2 2{±* p y?m&k^<D Gilbert m&*7fi-t-®iWmX&>Z> 0 
0 2 3 {±^FlSHiStfitC*J»tS t°— ^ v 1 ^^ <Dl!|j£#iI&^1-0-efc3 o 
0 2 4f±t°— ^^>y^COpJ^^^^-T^^:0T**>6 o 

02 5a p 5/^{f -^-Oif PX^^7F-t"0-Cfc5o 0 2 5b fi^rO-fcfp 

0 2 6 fifjtffijgl^m^ p*«6KJ: O^fb^tL^^fift^o*^ 

£r^i-0-c£>5 o 
0 2 7{i«*¥ffiT?<o-tfo^ o^^titfcSo 

0 2 8li/a»fa:fii«e^*J»t« RMS *Jy ?<Dffll£M&7jk1-1fctemXfoZ> 0 
0 2 9{±RMS v>5/^cOpJ^^^^-rtI^:0-Cfc^> o 

03 oa n^^y^itL^mmm^m^^mm^ti^mmmm^irmx^ 
5 0 030b w^wfs ^-<t vxv>yj>.{iLtemMmw&iti£ftzmmffif&*^ 
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<5o 

m 3 4 it * <£>3§&;? ®j^e Sr^ffl u fc ^ y * as £ ^ * ^ a sr^-r 

03 5a ft Hilbert 3EJfc#£fi!c»&^-ri2|-e*>3 0 0 3 5b ft Hilbert ^&*f 
^WA^^^^tH-Cilb^, 0 3 5c ft Hilbert ^&#£j&^<Dft;>7» 

03 6a ft? WffcM&TF-fm'ZfoZo [13 6b 1203 6a (Dy~ u -y y* Wif& 
£ FFT bfc^-^^ h/U$T7^-t-[gl-e*)6o 0 3 6c fi0 36b (D^^? hMZft L 
*BriSiiifl:7-f /W* U ^Lfcia-CifcS. i36d Iii3 6 c b/U£i£ FFT 
Lfc»0-C*£><5o 

0 3 7a tt»^Fffi+B«I^S(?3A^ft#«r^-*-I2I-C*>S. 0 3 7b ftmmiLftZ: 
7jk-tmX«&Z) 0 03 7c f±T>7 y^(feffi4r^-*-H"C*>*. 03 7d fiB8Hf<£*B 

0 3 8a Ji!;=Tj2:ffilSfe*SWA^J{ft*B<|>(t)Sr^-r0-efc«o 0 3 8b f± JJ = 
T^ffil^5fe^ai^A(t)(t)^^-t-0-CfcSo 03 8c <±y ~T{£fBl&i^£7jH- 
0T'fc5o 

0 3 9a l±A^^ o ^^^/Tti-C'fc5 0 0 3 9b ftt<D A<|>(t)i£e>tH;ft 
0 3 9c fi-tef n * DXfe(Dai^i^tit'fc5 0 

04 oa ftmmt^^mz.minm^^m^t^y^m^mm^^-ry* 

0 4 1 n ^ c * -<D^B^c7)^£i:<7)^^b^&^tBlt^^-t-0X'*>^ o 
0 4 2a (±S*Z^^^^ H/U^^i-0T?^-5o 0 4 2b ft^:<Dy- n y V "faM* 
^-T0-C*)5o 

04 3a lil 3^|^P^*-CCD^^?P^^^ h/Hr^tHlt*fc5o 04 3b ft 
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04 5 liMO S • F ETC^7^ — * *:7frfrmX&>2> 0 

0 4 etev^^&^p L LlHlSS^^-ryo ^/^BlT'fc'So 

04 7a tt-^y ^ftl^P L LlHj{^<DVCO(OA^ti*5ltSW^^^-t-EI-Cfc 

5 e E3 4 7b li^^HJ^l'fc^^iSMSr^-rEa-CfeSo 
04 8a {iv^y^&VP L L V C O<^{±l;^^£^t-0-e#> 5, EH 4 

8 b (i^cofM^^^^^-rm-efeSo 

04 9a liS^s/^flSftV^P L LHJSSOfiTO^WB^B^^^T^i-IglX'fc^o 0 

4 9 b ii-?:<Dfcm*^1-mx*2bZ> 0 

0 5 Oli^y^^fcSPLLfUK^tyoy^it&S, 

0 5 la liv^^fcS P L LlHl8S<^VCO<^A^J{C*3^§?S?f$^7r-t-0-C$j 

So 05 lb n^<Dmjj! l z&rtz>$iB&7F'tmx3bz> 0 

0 5 2a liv^^fcS P L L\Blffi<DVCO(Diiitl?fc]&&7F-i'mX3bZ> 0 0 5 
2b te^{£W^^0&^0-?£>6o 

05 3a te^yftffr&P LLm&oMlLfam^0MU$fflM&7F-fmXhZ> o 0 

5 3 b l4^<Dj&ff2£^-r[2]-efc5o 

0 5 4a \Z*s<# h^m^X^m^LtcRMSi^y^^Tik-rmX^^o 05 4 

b itfcftm^mmfemz £ v mfeLtz A$(t) *7ik-tmx*>z> 0 

0 5 5f±RMS ? CDmj£i&&tk®H-Z>MX&Z>o 

05 6 a (iif D^mt^J: "9 Ltz ^ v> <y ^ ^^fllTfc 5„ 05 6 

05 7ii¥—?isy?<Dmi£m : $:i:tm-tz>mx&>z> a 

0 5 8a liif P^j&tdJ: *)PLL^d :y ^ c^B|$B#^£ftiJ^ Lfc^3t:£^ 
-r0-e*)5o 0 5 8b f±A<J>(t)&frJ; i9»^L/ifi+i$t^^^-t-^0-efc6c 
0 5 9{±^JH£tl£:^ o y ? (DRMS^yfVmtEife&kt&^-ZmXfcZ* 

0 6 o(±#p*tifc^ p >y^cot'— ^ i>y$<nmj£.m.$:tmii-fz>mx&Z) 0 
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0 6 la It 3 a ^ o. 15VWB$(Dfi|g$lt^^^ h /ls&TF'f&l&mXfoZo 0 6 
1 b fi 3 a 0. 10VOB#co{M$i^X^^ h/i-£r7Fl-i&7f20-C;$b3o 
HI 6 2{±Hilbert 'g&^<7)— #'J£r^-r?&ft20-C$) <5 0 
@6 3li Hilbert ^&M<Dftfl<D0iJ£;^j£00-e£>5o 

i6 4(±t-^ *j y 9 (Dfam^mm-rz tz £xDmmmx ■&> z> a 

0 6 5f±t°— ? *Jy?comj£m.%y>vi y MtHI-CfeS, 
0 6 6a {±i§j£afcl^&v>P L LSSS^vcoA^Sr^-r^^m^feSo EI 6 
6 b W:igM3fcP*7^&^P L L (alSScD PLL^n y ? *7^^m&mx*>%> a 

168 f±BgB#fcfg#t!£§5 1 2 <fcz>*y -T{MI^*§§ 1 3 (n&MrfcMZ^-f-T* 

0 6 9 fifl?W ft 1 1 <DfttLOJM£0iJ<t. h^^|f§p5r^pLfc^!l 

0 7 0 a l±2£-<£> 1 ^^^^-^HlX**>€>o HI 7 0 b f±0 7 0a tf)#/l§g<£>A 

0 7 1 1±^« bfc ^ n <^ ^ #c7^t£> v> y 5 teri? fizz's p * ^ — ^xm^r^b 

0 7 2{±07 1 (D T AT'ffl^ t t - ^ •/= 5/ ^ i: , ftm%$<Dftm%LN t <D 

0 7 3f±0 7 1 ^)iX^^A-eS'J^Ufc RMS Vy? t ftm%s<nftm%tiN t 

fr7f;-tmx&z> 0 

0 7 5 {±0 7 4(Di/*7- J±Xmj£\-,tz.¥— ? i/y ? kftm$s<Dftm%LN t<Dm 

ffi&7jk-fmx&>z> 0 

0 7 6 {±0 7 4(Dy*7 L J»xm , nEl-± RMS v> y * i: #JS»<E>#Ja&N <t «|# 
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HI 8 0 (i^SE^^ ny^flWtn ^ v 5 * ^WfcMi t = U— ^ — £ 

nt'w LT-en-^n rms ^ ? ^ Lfcj^&^-t-Ei'Cifcs. 

081 a (±if o ^ D^^ffi^J-B^l^v^-y ^ Sr^H-|g-Cfc3. HI 8 1 bitmap 
p y ^0T?£>5 O 

i83 (±121 8 2 (Ct^ LfcHlfctfJKfctt SifiiSHf p * n ^^irffitBJtWjft^"^ 

<Dffi$L £r 7jk-fm X th 5 o 

0 8 5 {±0 8 2 (r^LfcH^jO^tt^rfflU^fct 0 — * *0>a9J£^S*<E>fl*l& 

0 8 6 f± tr— ? v 5 y ? ^fiiJ^H^mSr v 5 v 9 CO k°- * fiffK ± "9 tjH-0 T'fe 5„ 

■So 

i89(i RMS v 5 y 9 COm^M^^ V y * <0 t'— ^ fillC J: 9 7jM-0-Cfc Z> 0 

09 oi±rms ^^^(^sij^^^^-^^^^i^^fS^J; <9^-f-ni-efc5o 
^^-f-0-efc^o 

09 4 {±08 2 (C7^L/c^»'J{-J: <9ffliJ^U/t-^^ ^v^^fc* 
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1219 5 (±121 6 8 Id^LfcHlfcflU-J: 0 WELfctefBJ*#SHI5 A*(t)©t * h 
1196 fill 9 1 {ZT^LtzMMM^^. V $J£LfclM • y «7 • 

?<Dt* h j*&7F-rmx*&>z> 0 

1219 7 (±t£3fe3£H(c J: ^)i^U:7>W?'^©t^ 

1219 8 (±121 8 2ti^LfcH»'i^«t , 5-S l J^bfc7 vy^v'^^^t^ h^yA 

i2i 9 9 a {±«¥tffft ^mm&<D : <&M*7F-$-mx*tbz> 0 m 9 9 b f±{£*s$ft : § : i£^<!: 

-^if ct^ n^-^^-^/WiS^^-t-S-C'fcSo [219 9 cf± T s =T in O^-a-OH^tf 

in 1 o 0 f± T s <T in (D^(DW^ft^\z^m^\iL^m^r^^^(,t)<o^^-y 

noia mm\t ^M©»ir^tiT*fc5 0 noib li&mm^tii 
Bbzwuu? p xy-^^/ismz^-rmx-frz* mi 0 1 c*± t s = 1. T in = 1 

1211 0 2 ali-t^^i&v^i'o^T T s =T in (D^t^^fe^t'-^ v^*£: 
7F-fmXtbZ) 0 m 1 0 2 b (±-?M yjS^^^l^oV^, T s = 1 „ T in = 1 7 (Dm 

121 1 0 3 a (±ii^(DAD^^ft9m^^fll^<lr^i-[2|-C-fc5o 121 1 0 3 b (± 

t ^ y > vxa d m&*?t o m&nmj&z^-tm xtb% 0 

m 1 0 4 a (±A77ff^£, ^(D^iilj&^T'ii^co^^^y Lfc^>7° 
/H»^J<^^^r^-t-|2|-e*)So 121 1 0 4 MiAT^ff t*7>^- l^^^y ^ 

121 1 0 5 a (±(21 10 4a c^lf X^/Wfi^Jtf)*^ h7^3:^t0^ife5. 121 
10 5b (±121 104b (D-V-S-fMfclfc&m^^? V 
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pll ®&<DmftM&x-tt&&<DiSvfmm¥mi>m&t i^xmrnzhxis*) , 

MmXaZstm'g.ZftotzKi , ■yu±x&%c&LXt£m-£ v )<Dfa±.*m%L'tZ>rzib 

rms k<DK&vk*m$i-tzia% m^mm^^^xitLnm^^^-^ 
^ ux&{%fti-%^&&&mxibZo t^sx, mzW7Ki.ti£o\z, ?n 

v^Wf^(Dm^mXit(D^ p y?(T)M p * p*fflf«&«t*L-CV5 (R? p 
^-co^Sj)o tot, fc°— ^ v^^iiJ^cofc^UKi, ^ p y ? ^M<D^if.^i(OH 

^fijffi isX<u.mft&mj£-miz^\ mtu*. ±m&.(2. 5.2) xfiit 0.23) «r 

^(2.5.2)X(i^(3.23)^b, {M^^A^Ct)}*^ p >;/ JMifc^StfS-t- 
in 3 0 (a) \ZTjK-i-£. 0 fw x 7 > y 2*i±Ltemmm ^(omwu^'D^xh^ m 

?Ll*3:mc 1 6 £:#BBJ 0 L/$>U t> U^M£|5]B#^ia&'J-t*£ *U£, & 

^£tr<!:l:Mt5 0 1213 0 (b){2ft¥#Hf ^t^-tt %<D-7*u y^m^m^L 
XV>5o PLL [HlSgc7)|*|g|$£#;L5 <b . H 3 1 K ^-f" «fc 5 I' ®J±T|iiHd=P3gig§s 
(voltage-controlled oscillator; VCO) <D^MW^U^\%^ t l,X®lZ-&£. 

oog^ft * p ^^^0/6^A())(t)^H'9aii-^j!fe^*t^-t-5r bX&Zo c 

^^i- is-^f^ iu^gw^ 1 (Dnmmzm 3 2 id-/ a y ? mx^-r 0 mz. 

fi'lfci^ PLL HISS 1 7 1)>h<nT-Tn 7*(Dt p <;/ ^&^liT^-P ^7* 

ADC fC<fc 19 r-'v^/KT)^ P ^ft^i ^X, fl?#Hf ^fettk 1 ULt© 
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Hilbert ffiJftJt^fiJMB^fiW&^Jx, -ix«t "9 «3d Bttf>#*ffS ^I^M^tlS. £ 
o**ffS*l±IBnW*i«l^» l 2 J: 9 ^«*<&Rl*ffiffl ft, ^<om 

mz&^ti «fc 5 ttfttft PLL EBB-- Ji— ZE»»IS:«E*lilS«P L4fctt5£3p* 

pll iiiig»irt$p-efii:+asft^Sr^-ffi" . vco {cfiH-f * 7 • v 5 y * 0>*a* * p 

&«J£U IW^e>©tfbo# «fc 19 13 3 4{±r.<33SW£ 

T = * Mc^/£LTf^lc^HT#5;0>ibT-fc5o #3BiMJ#tf* TV ssMfefa^*! 

10 try b&,±&!&&k-tz>t&t>nZ)o 

H 3 2 &t*ia 3 5 l'^-r«?Wf ^-m&^Wt l U ltro Hilbert 
fi^ p y*&^x c (t)«r##TfS z c (t)tc^^-r^, 0 5^(3.6) «t«J x c (t)<z? 
Hilbert g£j&{± 

x c (t)= H[x c (t)]=A c sin(27cf c t+0 c +A<|)(t)) (3.34) 
t/i5„ x c (t) i i c (/)^Iit«^»i«i:t5 i:, «*f«* 
z c (t)=x c (t)+jx c (t) 

= A c cos(2jcf e t+e c +A^»(t))+ jA e sin(27cf c t+e c +A<j)(t)) (3.35) 
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^tf^n-So ^(^^-^x 0 3 5 a {^tf-T <fc 0 P ;y^2£B x c (t) £?H?$»iii:7 
#Hf z c (t)©Ig|5i U ^^/b^tti^^t/u^u h^&8&2 1 r*tyi^</u H 

c m (Dm*fcffl%LWL f 0 »£*tu mmm^-?*'^? 2 1 a <7>iffii§^s£i2 f 0 /2~ 

i.5f 0 ir-T^o t£te\i/v^ji'h^m&2 4 *<Mz-tz.i><Dfr 

fc<9, ^<7>*§£*ti> ^ n y ^ x c (t) Irf© t h f M 2 1— WLt, 

T-fc«9, ^i£{~ifiv^-e£>3 0 0*19, 1 1 lis 

6 7^7iH-cfc ?{£FFTg|5 2 1 K «t "9 ^ n y * SEJ^Sr Fourier mfctft* *<0&& 

«^^*7ft?>, IslBf^, @3 6c d^-Ti a 
^•^^iSEiljl^^/U^ 2 2 0^>9t±ii-o SH^, -60*7" * ~f\X Hilbert ^ 

tUMJciiiS^/u* y ^yzmm-ftteoo 036c©^^ h/u£$fftsb2 

3l~J:<9 Fourier ^^-rSi^tffff^^^^n^o ?&Hciiifl 7 U ^ ^'l- 

<fc ^*^^i£^(7)^|^^^^^© , 5 ttJUfc^b, i36d (DMffilt^rte? 

& y ? &m<Dm*mzitffcis, mux^vtz x c (t){±-^^•Y^<Dfq^/^o-cv^^ 0 

1. itjjg Fourier ^&£fflV^ x c (t) ^ittW-W5 0 

3. ^Fourier h A^B^fiSfe:^ »i~S„ 
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0(t) = [27cf c t+0 c +A<j)(t)] mod 27i (3.36.1) 

mi- 0 y) m 6 8 iztfk-rx o {z.vmGLft&'&ist 1 2 am^fin^r Zc (t) <omm<L 

e(t)=27tf c t+0 c +A(j)(t) (3.36.2) 

a>#ib*L5o Befits st^r yy'ms^m 3 7 bsoqa 3 7c \z.7jk-r 0 $ t> 

\z, v =T{i*Bl&*f§i 3(±, ^{cizli^fc^B h K^i^^£^fflv^-ce(t) i 

9(t)=A(J)(t) (3.36.3) 

tmbtiZo Ei3 7b f±A4>(t) ^^-r 0 rwigB^^^ffi^n^^y^aij^T^^ 

yXAIt A(|> (t) t> t° — 9 i/v $ J P pi RMS -^'^Jrms^ t°— ^'y^fcf 
Jpp = max(A(J)(k)) - min(A<j>(0) (3. 37) 




(3. 38) 
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£-f> fK*<D& , h±&V=-yi? (-tfo^p^^Lv^ <Dfr&W.*ik-tZtZ, 
T ZER0 k^ffk, ^n^»x c (t)li 



as#bn5. 5£ (3.10.3) «fc<9, z c (t) <£>8#B^?&|& (instantaneous 
frequency) fi 




(3. 39) 



£&<5„ 5£(3.35)£JBV*a£, »tffft^- 



z c (t)=x c (t)+jx c (t) 




(3. 40) 



f(t) 



co(t) _ d0(t) _ x c (t)x^(t)-x c (t)x > c (t) 



(3.41) 



2k ~ dt x c 2 (t)+x c 2 (t) 



f(t) = 



T ZERO 



(3. 42) 



BfHb, m^-(DiL-h±.tf*)3L'yis<n?t.&m*ik-tZ>k A(j)(t)&l±if p 
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::t\ A<j>(t)&<b-fe?a* u*m(DWMtr3ffi<n±.ffli$:it%i-FZ>o A<j>(t)?£<D 

Zf/\stf^fflmxm*<t£frterttllttt>t!:)<\ mX&. 5t (3.23) -^-^^btus 
x c (t) <z>j5ift»{4 f c -C*>S*»e>* «#fbffflfiH£>-hl5W:i/2 f c i:^So — *\ 

iS^^P (quadrature modulation) ^^*{fc^i£f~ Ol, n"C1£BJ! 

f5„ -e>f ^ pnytW©^ o y ^jlJS^(4 5¥S^ 2. 5 f&oSW^-CJ; 9 

V NT * / T~ 7 -fAs-Qti If tilt, t n = ^ fc'a. — 9 <£> ^ a y ? *? y $ ^Wi^X 

5 0 [g] 2 8Mi 1 6 j&»P>#a»3«fc 9 v's/^&JSo* p y ?m&\±? d y * 
JSi£«fc4r*'tM£LT{fcte3«W*^* hyu^t£fcb-CV>So HP*>* s?y**:tto* 

V V 9 &M\-£8rW\Wt'm J % (bandlimited signal) Tfc5 0 r<Dfc#>, E^^P 

cos(2n(f c +Af)t + 6) + jsin(27t(f c +Af)t + 6) (3.43) 
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^-[cos(27iAft + (9 - 6 C ) - A<|>(t)) + jsin(27rAft + (6 - 9 C ) - A<))(t))] (3. 44) 
bteZo BP*>, W.&mWkkfcWm&7 4 * x c (t) tt»*f(S# z c (t) 

0(t) = [2;iAft + (0 - 0 C ) - A()>(t)]mod 2rc (3. 45) 

^#f>tL5 0 Bfr^WJ^IfiJ*!!^ fi+BT^7 5/^^6(0 ^ig^L, JJ ^Tffiffi 

0 (t) =- A 4> (t) (3.46) 

&<^*{bJil&&?>TfiB£ 2 f e ^f)2(Af)^i/h$<t5rt^-ct5Ci 

*s«Ew$nfco mm^, •£ n^&^M^b^iira^TPik f c a»&Af 

/i^&*&*£*;b-ti:-Ct>, lRl«OS!l*^#e>tt«o o$U^^n. 7 ^^ Xc 

(t)(±$ ^-t>-e cos(2 7i (f C +Af) t + e)rfsjn#£*u -e^5:^-^ww^{± 

ADC -e^S^/ufM-lcaaftSi-U *<0f ? ^*/i'ft#ttAW«*S5*^»l l £ L 
T ;t fi Hi lbert $ tL 3 . 

A<|>(t)fefe£:-tf D^JifeWS'J^H#P^T meas ifo^n^jfe 
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T, 



meas,ZERO - 




(3. 47. 1) 



Lt^^^o, TIEOT/u=^y 4fi, A<|>(t) h/^^TSrMjUJ-t- 

#*fm^-z c (t)«:«l3ei-Si:#^J±, SJii Fourier gEife£flH>5. 
x c (t)w(t) (x c (t)l3^Mt5[w(t)$r#ttfc^) SriffiS Fourier - 

(tfiJxfi'^O&c 1 7*#flS)o ~<Dt^ib, Mm Fourier iMJ&Cl «fc otlH Lfc 

z^?^ x c (t) w (t) ti, mjwmm t m&pmMnmz^^xjzztemm&ft'h, 
c (o w (t) i±mx ^5 & > 0 




(3. 47. 2) 
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-(DjjfeT'iZ, 1024 JJW -y h<D x e (t)35»P> 512 >- h-cD z c (t) L^^T*^ 
x c (t)lifW^7 7r {c|S^$n-CV>S t<H^-T^o z c (t) 
(D-^yzTjU^m-^-tti^^it, StffcSBft'<s/:7 7«:— SRStiSLT (overlap) 

z c (t)£r#lj£1-3 £ #tc{±, x e (t)^<Sl-*/h^§EWIUj6>4-^*v\«Ba«[* 

fflV^6^#T**)So Z<^#£ii£fc«|»{±Hanning T'fcS (tie 1 7), 

7;^yXA4 (#¥#Hf-5§-<£>*^ h^Sr«ISi-5^W) 

1. iKi!E^y77 3 i (06 9) w5feaB/4 5 b x e (t)«:ffiit) ffl-*-. 

2. x e (t)^3SBa*w(t)Sr*Bg«tlR|Hf|J3 2-C*#{tS 0 

3. Sil Fourier 3 3 t£«fc 9 x « (t) w (t) &^*&3&1igi^^&-r 3 C 

5. ifjjg Fourier 3 fl*^ h/U«:^FlWffll«^tft b, z e (t)w 

6. z c (t) w(t){::&ffl»:tf>i£«&. «BBttWH»3 z c (t)«r#*. 

7. ig^EJI^ 7 7 r ^ 6 x c (t) 5:15 ►) ffl to ioifi«x c (t)ili 

8. z e (t)^ft:Sr»5*T?. -hHE 2-7 oil^S:^^ ig-T 0 

HI 2 1 iZjfk \*izm*&9 a y f&B&m^'X r&J&<Dm*i&<Dl* a ? u XtejttD 

Bp-fc. 9 p 'yffcMS: Fourier U £#S£<0jSIJ&«CI*#£:» U 2 &JW_L<7> 
ffiIB&0>J9Si«Cfi)c#&-tf * £i"<5o r.tf)*'** h/USr Fourier i£g£&LB#FfSlig$c 



* 
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©ttTcStJ^SrWSo Z-<D&W<Ol£u9v*frbmiM*&.'fctZi, [§]4 2af4iiip 
&£l&£Lfc*^ hyuSr^-To m 4 2 b \z.\tfc7t&Mbjt<09 o y ?&7F2£S 
feTlS^-CV^S. HJ^lc, 13 2fcSiWi£* h'l-bmTutiLBZm 
4 3a Rt; b ^^rti^tL^n .y h Lfc 0 #«5n^S:5c<?5^ p y V WfrhVcWtt 

^co^^^ < , -t?P* a^WBSraii— 

n^tiTcOff ^<DMn ? P^^*fi-5«kV^J5(glSr4-x.Sj ^ i: riM&H £ tbfc 0 
Ifclfccofcio. ^^coll^iiw^MI&Mk-^x.So 124 4b (4, tccd^p;v^;» 

£JLbtf>l£*&*£:«>3£* ^ p y^ff -§-wg;£2g<^£ttfflT'#*U4*, 5£co 

PLL lEj^^/Bbfc^i-o^-Cffc^-rSo PLL [h]3S ii L-X N &3feftfl¥<0lft9lt£ 
fcV^TlPi^Lfc PLL \E\V§&m\<^tl 0 14 6{-^Ufc PLL H]j&£r 0. 6 (jm CO CMOS, 
fSMSJi 5V £ L, SPICE is ^ ~ U— a «fc •> tlRJ^Srftfc. 0 4 5 {4 MOS 
FET(D^7>-^lr*lTV^5o VCO (OHMjllSE^:(4 128MHz f*)5o 
(divider) 0* VCO <DmMi&M& 4 U 3 2 MH zCDPLL^Py* 

SPICE ^S^l ^3 V«Jg©H*ffl##|&«: 50psec -?fc3„ 

^^^^A<t)(t)^^>5: U — v'a ^^^75^lt^^tL7t 0 A<|)(t) <75|t^(4 Matlab 

1214 7 a 14 VCO — (DAtli&ftZZM-to El 4 7 b (4 VCO (D&Ml&BX'fo So w<D 
VCO (DtHJj/ty — *^<? h 5:134 8a KtjW-o 8092 tf-f > h CO VCO (D^UfoB 
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\Z 4 m&m$k" (Mx.tiXffic 1 8Sr#8H) &8rtt, ifJit Fourier 

»»iJ:«3^17-^^^ h^SH«C*:«I^Lfco H!4 8b f±, ±IST/U^yXA 

«t 5 fcAWfft «lft» 1 1 T*7/^' V XA 4 -C»«fft-f - z c (t) £f£ <9 . Z<D 

ffitirm^- z e (t) (nmmiLfa 6 (t) £i#B3H£*@*£5£§5 l 2 T-#t^U ^<£>I&h#b#{£ 
me (t)a»fc y =7flttB&, u =rfii:*BtfeWisi 3 TNfc^LTflttiSHf&JB a <*> 
(t) ^wfiMEI«i£Jl*A 0 ix)<o/*v—*'<* Yfr**^* h/i^?#rg|$3 
7T**«66o ffiiS Fourier aElftW^ttVCOOm^^ 17^^^ h/HB£II8#«r# 
46fci:# <b[RlCT'^So 04 8a £114 8b &lt®r??>t, A<f>(t) 
* h/U-C{±, 128MHz CD VCO O^gfgJligEgCtf)*^ h/l"^ 120dB »StL"C^5 
©*S^»« 0 A<|>(t)tfV*!7 — h/HMEHtttt. 1/f *tWtf>|g#tf>;fc«>, 

HI4 9 fi, fe&v&afvafek r<z>|gW^J:S¥fei:4:H:«E-*-<5 tO"C*>«. 
HI 4 9a {i, -tfn*n*j£U:«fc >9 VCO K>f5lgSe^<^l»"#fflJWS:iBl3£ b^*S*T?fe 

Sr^-To 2&ffiW«^^£ftVMa««C*£B8 (1 OMHz-200 MHz) <D*s<? Vfr* 
?Hr*j6iiii7>f /U^-CSl^ttiU, Fourier iggglfeK «t <9A(j)(t) &#fc 0 

HI 4 7 a JSttftT 1127 nsec OB#£lJ^ VCO ^fr^P £H 

T^SW/^ri^o ^ 908 nsec tffi 1314 nsec CQBfMi- 2 Otf>J^$t$cy 

/u^^ vco ^p^n-cv^o miiv' ^ * v^fflv^fc pll 

<Dltti>t*1hZo HI 4 9b<7>A<|)(t)£r#l5<t. MtelkT <y 7 <Dl&m\Z.X.Z>QL 
tB^ffcfi**) 1140 nsec W^Jii^tt-CV^So 2o^|!t^^-/^^f 
ir«t2>f5:4S^{l:^^ 920 nsec «t#J 1325 nsec <£>B#£iJ t^ft-Cl* * 5 D rtlbtiflS 
/^ffjT 1 '— ? (deterministic data) -C*>5 0 — HI 4 9 a <^PB#/^^T'li, ^ 
&$CT '*/W*<£>f^l- £Z>m*$mW<D$£ikte&i H30 nsec <DB#£'Jt-i&ftT 

mfe&yv>''<^*<n&mz.&&ffiftmm<D$iikfr®i 910 nsec^Bt^j^ 

3Lh,-CV*50>*t?*>3. ^ 1314 nsec <DmM<Dffl1&%ty V^"< sis* (D%tW\ZM 
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iSy?%%^V—i/3^Vtl 0 #£.X*HffiMatlab (D|H$C randnO <£r/B VT3g 
££-£rfCo £ "bfd, SPICE ~> S: a I ^gVi:J:»)a5 0 Ktt: Lfc PLL [e]S§<Z> 

13 5 la|±, ^t>^*d#©3oS:0.05 V <b L7t <t # <7? VCO ^<DXt>®M*&-f 0 
05 lbfiVC0 055BSlK^T?*)5o HI4 7 a £05 la Ztt^Zt, *Jy9<DtL 

XTV^Wtf^^'So ^(D VCO Offl^/N°!7 — ^.^<^ h/U^rlg] 5 2a {C^-r o $1^ 
h/H#^JPLTV^5 0 IH 5 2b {4, A<t>(t)tfV*l7 — h/H6J?BI# 
04 8b km 5 2b SrJtUe-rS <b , A<b(t)<D;<V— iMBUa LX\,*Z><Dtf 

©ffc5o @5 3ali, -fcf o ^ D Xv&JdJ; «J VCO <O^Jg^BOl#B#/i*«^ffliJ^ b 
A<j)(t)$r^-r o 0 5 3 <hEl4 9^ifc^i"5<!r, *f^i"S^^»^ft:^^# < Sfc 
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r££:S*LT^5„ £<b^, HI5 3a £: HI 5 3b *i&.mM< kt^Z t , &i<DZ. 

tfrftfrZo ( i ) mmmmtAb(t)tei3m^^mux*&z> 0 l^u (ii) 

£Ui<D&%:$:$i kfrZ ^<D$&W\'£%i?-y?Mlg.^fe (A<|>(t)i£) fi, it; 

mm<Di?y?m7£&k^<Dftm\z£z>i?y?mj£fc (a* urn) t&tt 

^?i-5 0 fcfcU RMS v^^Jt^oV^li, A<|>(t) gj £ VMiktZftMl 
0 MHz -200 MHz) c£>{i*B$t^°!7 — V 5^(3. 33) Sr/B^T 

rms j ms ^m^\^tz 0 in 5 4a <Dm<m?) ^&\^tz.%ftfr^<Dmfomm 
izMfc-fz*^? h/u-efcSo A<j>(tm{±, JifST^^ 1 ; xa 3 t^. 
(3.38)^ffl^T jRMs^a^Lfco rttfi, ttffi*t^ifi^A<Kt)^)^S!jfii:^*tJ£-r 

5„ U*7^m.&<F) 3o£r 0 V jO»e> 0.50 V *T*^;t, 0 5 0 Ufc PLL [USgO 
vco (DAJj$&\ztox., VCO ©55««t^«? RMS V s 5/ ^flftSr*i^bfc 0 HI 5 5 

^L.-C^5„ A<|>(t)j£<!r^n^ ^^^'£ < ^r'H^?f$(D{^K^^^ 0 xv^So ^*U2, 

JsJLLroi(£*£3: h wW*Mtc«t5A<|»(t)jfe{i f RMS yj/^iti:ov> 



i. 
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P L LlUl&Srfgffi Lfc 0 3L05HI!»W^«IS§tt V C 0(0%m.WM* 4 ^ U 3 2 
MH z(DPLL^a»y^ 3 „ IH66b{CPLL^a>y^ &B%7jkir 0 3. 

t PLL^ 



tPLL = 4 



x VCO + 



4 ^ 
j 



(3. 48) 



(3.48) ftfflft? o ^^©^^^Srig:«-rsS**^S>«r t3ft^A»«. 

HI 5 8l±-t? p^^irCl(D^P^^J:6A(t)(t)^^Jtl5?-rS^(7)-efe^ 0 H 5 
8 a fi-tf n^jfetcJ: 9 PLL*ny^oWB#ja#&aj£LfcfgM-?fc3o EI 
5 8 b{±^co^B^(^J:5A(|>(t)yfe^±IBTyu=f y ^A3^:fflv^-C^i^L7tA(j>(t) 

&tf1- 0 2*fci«raft«:^*fc^Jliafc8fl&ffl (2 OMH z - 5 9MH z) <D*-^ 
h/W£r^l|&jij®:7^/^-C&<9 WU i^iS Fourier ig3EJfcJ-.fc 9 A<|>(t) Sr#fc e 
PLL^ny^C^Wlt 0 5 3 b {ZTjklrV CO<D&mi&i&ti*t>#£>fcA$(t) 
b±%< PLL^d y ^cDA<|)(t)(i{iffi^Fi$^^5^b 

05 9{iRMS i?y?mitmt:tt%i-fZ>i > <D-ejbZ> 0 h^ftli, (i) 

«fcj£U (ii) 8 0 9 2^^1^^(1)11 r5^i» > 4^itj (fliX-WOT* 
c 1 8Sr#Rg) Sr»tts ffiifi Fourier agife^«t 9^7 — h/l'ttflCBM&fc* 
£Lfc 0 (iii) ^-^^ h/u&f±2 2feS!Wj&«:^*/iV^/a»t«c«iffl (2 0M 
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Hz-59MHz) (D{tLte%£g'*y — *^<? h yUD *P & # tf> , it (3.33) £r/BV> 
TRMSv>7^J RMS ^Mlfc. — 3\ w©«WtiJ:SA*(t)jfe|±, T/U^y 
XA3i^ (3.38) ^fflV^TRMS J RMS £*t;£Lfc 0 @5 9II*tJ; 

A<|>(t) h/uSfcmitfS&t4w&S#3£it&^;tTV^. fcfcU 

f+AD#»>;*IWO 3 o 0.05 V ft- 3£T% A<j)(t)^-C**i^bfc J RMS ©IW 
< &o-CV>£o r<Dlftl±t'-^^5'^ J ppto^t©TX h^^ri:— ^ 
twttWi-«-i:^i-S 0 115 9£t>'|2]5 5 SrJfc-** £ , wOJWfrWcjStfS 4# 

HI 6 Ofitf— * ^-y^m^ft^it^i-^ t^T-foSo A(J>(t)yfei!-tf n^jfe 

fif3t3TS&t!fe<D;fc5«^&^;i-CV^ 0 fcfcU ftan#* **t#© 3 a a* 
0.05Vf^ti£-C\ A*(t)8rCJ§tJ£Lfc J P p©lO*i5^t < fco-CV>5. <Wr N 

IH6 1 a f±3 a 30S 0. 15V (Ha ? u X&bmZfflCmi£te) |£ 

~<Db$<DMVfi'B-%- z c (t)£[2l6 2}c^-r o HlMEffiSEW*^ h/KDfcfcC 
®6 1bf±. 3a#0. 10V (ifn^n^&J: iJ^tv^M) <£> i: £ 

f y -YX<D7i2£;^L-t^£o rcD 1/ f y ^rxcoS^Jl^^cfiP l a 

JStt3 2MHzt'l±^V>, Ljo>U 1 / f J << X© z c (t) {46£l£fE*6 Lfd* 
M-C^ttiLfc^i&^Hilbert^^-T'-^^bttSo t£oT, HI 6 3 IdT^-f z c 
(t)|i!2 2<DHilbert^^tl^D^{C^5 0 z c (t) li«lt/.eJEMK4:ttofc«>, 

^{4+a{i^#<^bi-So z<Dtzit>, w-?^it^)3 a/0> o.05v ft-ifi-e, 

A<|>(t)j£-C'Jt;£Lfc J pp^J RMS li;fc:t&{tt£:®l5. 

HI 6 0 <h HI 5 7£it-<<5 i:, C©*flcWl-*5ft-5 4^Jilti J PP £: 1/3. 2 (c 
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si±(Dmwx*w&te£ : ?^^ ~<Dmw\z£z>i>y?mi£^fc (A<j>(t)2fc) ot 

& i: 5LI&<D & 5 e — ^ v> * £ Ji^T' # 5 fc £> <£> <C Sfig £ 4- x. fc 0 YffTSfe^ k 

?&&±-tZ PLL 0J£^A<|>(t)i££riiffl-?-3<t, rcDA^COfe^fiM^^l- 
*f Lt^fc^r £tf**&IiE£;ft/c 0 ^<D_h, t° — 2 -y k RMS y ^ {col ^"C, 

BP*b, 09 £#121 3 2 \ZffcmX7jk-T £ P PLL IeISS l 7 ^if^e><D>? n v 

v-mb*. c (t)(iPT^^j§^4 i xmmtL-frw mm ^<Di\z^m^fi, o-§= 

D ^ n y^/l^^NfgiC^n^o #J^4 1 i: L-C#Jx.f£l2l 7 0 a l^ti^j; 
£tb±<9 '^"C h y ^f^JlST (toggle) 7!Jy7'7ay7'$:ffiP5i:, EI 7 
0 b iZTjkirX o KAtl?- o «y ^Tf±J3»i/^2{££: y^Q<t \^Xttifi£ 

tlZ> 0 Z.(D£o^\_X. ^ny^Rjgx c (t)OJIfflS:Nf| (Nf±2JW_b<D« 

.80 i:t5 rilii!?7to W^/^HS adc i: Lt, ^(dWj^M^W: 
Ix c WfDHWIK/jiott), Ttn^fv 1 ^^^ ADC ASftf^BTtg/i 
<fci\ 

* o y * i£7F2 x c (t) <£> tr— * y * RMS v= y * Sr-ettW J PP1 i J RMS i £ U 

z. ti b *j v ^ j PPN , j RSMN tt-tn-en 

J pp» ~ J ppi / N , J RSMi n= Jrsmi/N (4. 1) 
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^-i: Ltf^^>a^3-7'4 5(^A^7$^ b y^^^.^4 Zfrh<D 

* b y *{l-^#jS£§5 O-CM^-CD 1 d^JH^tlT h V tffe&t UTr^^/l't 
~>n^=i--7 9 4 5^M$H5. 7^?/^->p^3-/4 5te- 9*?y* J 
PP £ RMS S^y * J „, U r. tlk &0 7 2, 073 KZft^fiTjk 

-To wn?>BI7 2, 0 7 3^*»*v^-C«ltt{i^JlfB:N«:*4bL, «M*»±^s> * 0>f£ 
&&fc>U AiiaiJ^fii^*^ U ^i(ii/N«tfe5. t"— ?i?y*t 
RMS N£^ft£i£fcH#<E>igiJj£fiI# i /NWllii gfc LTib" 

5£ (4.1) ^^ti:or tTi^BE^nfCo 

4 4 -eiEKafe tine Xtt«F«fMIR * tbfc 9 > ^ AjfctW b w rand {c i «5 >y * 

" </> SFti5g4 6 -e{£t@£t^&0 A * (t)£*#>T t°— ^ v 5 y * RMS y * t %W 

a * mm$s4 6 {i^j^^m 3 2 *?<DT-r* y7 9 J*n<&&& adc. « 
ffittf^^ 1 1 , mmLnrnfes 1 2 , y ~Tf£*@i5&*s§ 13. t-ryyf 

**?>fct°— ^ v 5 ^ RMS v 5 ^ P^^fl^tim 7 5, IU7 6(^-t- 0 rtLfeE 
tci:}oV>-C, OPPfiA 4£NS3£4 6t?jRftfcI-C*>9, Af=Pfi-fe? b ^ b *?£-C*>fc«> 
/cjitT'fc 1 ?, HI 7 5 tp<D&Ml* 1 /Nftj^-C'fcSo r.tLP>Hl7 5, 07 6J:!9, 

^^4 1 1 a <t>(xmzM.&i£z> zt\z.x vffims: < ^ ^^iij^x-t 5: £ 

o£<9H!3 2 K^TttftUfc PLL0SS1 7 J; «9 <D? b ^^ff-^-x c (t)Sr^ 
i§4 1 X'NfrCD 1 id/l&l&^MI U *<Dftft£tlft? a y^it^^i^^Mt^r 
KSafcU J5U:-ft4- Hilbert £»*t£j£&l 1 -t*«*tt<D»*r{t ^SEJftL, 
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^§g4 7-C-Nfg-T£ ~ ±IZ£ «9 ^ p y*m%rx c (t) <D tT— * y * &3fc£>5 ^ 

«fc 19 ^ n y ? x c (t) <D RMS v> y ? £3fctf> 5 r <t 36«t?# <5 0 

~ tf)^? p y?m%-x c (OW^j&iUc/fcCT, T-t-P ^7* S^/l'MMB 
ADC joSSbft^TfiBfcJ: 9l^«SS4 1 co5>MI^:N5ril^:-r5r £U:«fc 19 , ^>r— 9 

@4 0 a l:i7j*-f^ifc0iJK*5^-Ct>, jfelft-C^-t-J: 5 \ztfft*Sk PLL msS 1 7 «fc 0 
(D^p s/*fi#&i3T3E#JH3S4 lfN^lli^lL, -?:<£>fctJ73£r$:WCjE3£ 

T^t^o Fi|x.OT3 2 N HI 6 8K*jv>-c\ /&^T'^i-J: o !:7tn^f^^ 

ADC V>M\ZLzi-y/*\s—9 5 1 ^SfflV^btLS. = — * 5 1 \Z— 

JSgUtfV^/uxSrPPRTU Mz_& J £<D/</i'X<D3Llb-t<Q ^y ^-C-Ii|7tn^tV 
R bAtlZtifc? p c (t) t^lt«e$ix, * o y ^jRj^x c (t)<Du-< 

/U^S^T-t-p ^*V R «fc "9 7C-Cfetl{i\ M?L{-£m7£<D-& U-^£ffl79 U * p 
-y^lSix c (OWl/^/^I-^tn^iVR J: <9 /h-C#>tU±\ /5r£tf>(6l'"< 

ft*3A7J^ p ^Wx c (Ori^A/tM^T, * a y ?ifcMx c (t)wX«ffc 

#-WWWfll*3C*#gk 1 1 ^ A7J$n, 7t0 ^7*^*/H6f*M§ ADC <£>tti7Jff ■§- 

i^-^f VCO (Voltage Contoll Osclator) CO tt5 79 <£> y 9 % . M 3 2 

{C^L/tifJ^B-CT-t-p i/^v^/MS&ggADC Srffl^Tt^i. = * 
5 1 SrfflV>fc»^roaiJ^*S:. t'-^^^lio^tl?/!^ RMS S^s^te 
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^adc *m\^tz.m^. e^^^-^'5l^fflv^fcl^^3^ #utef±T 

•f- a ^'x v 5 * /U^lfeS ADC <D tT y h ^"C £> 6 0 

0 7 7^*>^T, T-m?'^^? JV*g.%m ADC &fi3V\ ^©2 tr? h ^-^^ 
t— ^ f± 0. 9454, 8 h <Dm&\± 0. 9459 XthitZ-o => * 5 1 

Srfflv^ii^li 0.9532 "C*> «K =» W ^— * 5 1 SrJBV ^ t> % 7^0^^ 

»ft-COS9^WfiBt?feSwi35?a»$KS. RMS S*y*t>BI7 8^bS^$tl 

Tfa^p^RIx c (t)t LT^jS^ifiV^ PLL 1 7 <DMfiiB&£ 

079^080 '^^H^n^-To t°-^ ^y^{±=J>^U-— * 5 lS:fflV>fcI^ 
fi 0. 3429 Tfc D > 7tP^7^^/« ADC &fl§V\ ^z<0 ADC # 2 fcV Y<0 
m&tt 0.3420, 8 bf y h(7)«^{± 0.3474 <t^<9. :^t)3^^5 1 

RMS i^y^ttaV^U — 9 5 1 &/B^fc*£*l± 0.0500 T?*) «9 , 7fn^^ 
^3EJ*« ADC &fflV^<Z> ADC ^2 fc'y h <£>*§£i£ 0.0505, 8 tT y h^I^li 
0.0510 -CfctK =»>v<l—- *5 1 £ffl^T*> 2ffi<DffiJgX- RMS * ^rS'J^t? 

3 ^u--*5 i fc/fli^ 5 7tn^ny^»»x c (t) £^JS2§ 4 

1 X'frm LT=>y/n — ? 5 1 ^Mfe Lt t. «t V \ ffci4 0af IC^-C^-T 
J: o n y 9 $LM x c (t) I^SftS: $ *-*X*5k% U *<D(£*£iiiB:7 -f 

T-Tn ^7*^*/ugEJft-r33£ifeS§ADC <£>ft«3 Ul=» U— * 5 1 s&ffl^-CfcJ; 
MKEU 0 b^lifiit-TFtioi^ 9 ayftiix c (t) £ 5 =*U- i: {SJdciiiS 7 
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ft»ADC©RDl:3WN'i — 9 5 1 ^fflv^li t)t-#5, t>#JSS 4 

V^is? /^i&Ss ADC CO{t "9 K= — ^ 5 1 £rffll/\ * 5 1 

(i) A<i)(t)fif± h y tfm^*&mt ufcv\, an A*(Od>e», tr— 

<b RMS 5/ *'&|^H#fc:«tJ£-C#5o (iii) A<|>(t) Srffi V^"C*i^ Lfe If— ^ v>y * 
tttt, t£&<£>-t?n {7 n*Jfc<a«^£fifffc£Jfc*4$:J$o 0 (iv) A<J>(t) V ^Ti£ 
L^c RMS v^V^fcli, n^iSfe^^iStattSr^Oo 

i*\ L36>t>^»j|B*r±Jf 5fctf>Kti:*$>o <t»5l$*S^'If35 s *> , 3 * S'J^t- 5 — 1 
oMtalF^s^ofc, Lrt»U r<£>3§9!t-«fc*U;£> Mx.fi * o y ^ff ^x 
c (t) 1 OMHz T\ fi'J^tC 1000 JSJfflfc&Ki: l^tzt Lt ta'J^^ti 

ioo ^ y^^igr-fs vLsi«»»if"iSP>n^iwea9^s-i:* s "T?#5o (vo 

N^2W (Wli 1 U±<Dm%t) t-TZ> ^t^XK), 9 a y f it ^" x c (t)©4t) 
(viii) =r>y<u— ? 5 1 fc/E^aJg-^Wu igiilO^ U— ^ &&ife<DT-)-n 

ADC X *) tfil:HSt-§ , L;ii>t, -twii^sii 

(ATE) (^(±|^i^W=i>/N 0 U-^^mtp-C'^ti^tL-CV^7i>ib, ^ny^^x 
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c (t)teEli£K&o-C<t>, ATE izmrtbthX^^Z^^'*^— * yt&f&TL c 

/BUT. t^^-tfn^ n^^-e^^n/c t°— J pp tS^Mtot 0 -^ 

v 5 y * Jpp » i ^5T?t s o #Jx.ii£lIl 8 2 t^i-J: ? fcflWft«lfc#gk 

i l. w$ia*a«ii£Si 2&t*y =rflfc*Bifcic3&i 3«t •9*5tfc*a*twtftw^© 

z c <t)(E>2S«C$B x c (t)<£H? n fcifiV^ 
^y>^'$ti^o o*»3«Wf«-^0*«k«|J x c (t)<D^^^5iU8 3 a ic^^tl. ^ 

fl*i?p* n*jf!tffcmfflS6 3-CtW^n§, @83a KtfeW Lfcif n * a 
fc5£v>/HiSrORlT?^i-o - 0>£&i£flSl-tf p * n * <t P£-£o r.tf>j££H?n* 
^^SSttSffitBJIWSE^A * (t)*«, HI 8 3 b (DOftlX'Tjk-f £ 5 -^p^p^ 

SB x c (t)©iS^-f ^ ^ (-tfp ^ p d»P>©-fix*-e*)So -©A «p (t) 

<D&vzsys\'m^\,^x^<Dmffi<D-y-^zf/\smt <Dm*$ttbti&-& p ^ p * m<D 

**P>#\ 19 M—fif-y* Jpp 1218 3 b*<73 A <p (t)©nf g©t> 

?VH£A* n £ (n+1) #BW^^^UttA* n+l t&*) J PP =A * n+1 - A <p n 

[218 2 1^-f-J: 9i-^^IUSg6 4K*5^Ti£ p * p*-^:/^ 6 2rt>b<7>£--^ 

BcDmtt&mtmMzn. m^itLmm^mr^m^ 1 4 , is^i&^s. 

n<5H«SHS x c (t)<z>«E^<D*^:fiS: l 0 */MS«: 0 % u^/ui: U 

-tf p ^ p^cd u^ut Lt, fifrSE*^cfiifca'hfiS<^5 0%U^V (50%) £ 
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x c (t)««^9tV^ViaO%^V (5 0%) t<^|| 
(x c (j-l)-V (50%)), (x c (j)-V (50%)) W.lZ~tlb<Dm 
(x c (j-l)-V (50%)) X (x c (j)-V (50%)) 
Sr&r x c (t)^5 0%l/^/K 0*19 if n u^yu£r4ftiiD5B#f±, -£<01h>' 

//Wl x c (j-l), x c (j)^3i»C)]E, XlijE^fb^ir&S^ib, mffElg/i^ £: ft 

/Hiff x c (j-l),x c (j)(D^^iiW/jN$VN^(7)B^J j-1 X(i j ^ s ififl^if p^^i 

El 8 4^-r$£&<£>?-f A-f ^^-/VuflfW^fi^ffl^T^-y ?$J£U HI 8 
2l£^Lfc=!£fi£fflVN-tE]8 5^^i"J: 9 KI^K v= y ? ^Mfe Ufc 0 1218 4 
*5Vn-C, ft 6 5/$>£>tf>IE3£2£{f %-i$&m$s6 6-C2 0 CD 1 

p j/^if ^-i: £tu tW^n y ^{f ^-{CStLv^;/ 4 4-C^§P^>e>0 

u y ? m^-<DZ? y ? * ? 4 *s ? —'<;isffiffil&W.G 7 t-ct «9 )I'J^:bfc„ 185 
* 4 41:1*3 »t SfStfB^ mm$k J 0 -CifcSo 18 6{±iiJ^b/i^^^Wt 0 — 
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^tc^zms 3 b £#J!HL-aft9!Lfc«fc ?l^ffiHt»A 0 (t)£iSf£H? n 

^fuffi^titi^-eaij^Lfc rms v 5 ^* Jrms t— S:U-c*5t), :©A*j£^ y ^ 

0 (t)jSfei^y ^iffl^«Co^TfttWbfc«t if 6 2^ 

rtbtlXh RMS Jrms £$J£-C'#5;6>^|g]8 8 {CTF-f-J; 9^^^T 1 

£r?TV\ f-^&fflSgl 4©^WIi g^TO^ffi^l 5(D 

*£rit«4 4{i*5»tSffiffl3EIHJg«[ Jo A(±-fe*P^nxi^-v^^6 2 & 

ffll^fcflHh Vfiif 6 2 £/J!V^V^^T-#>»9 N H8 9tefc°— 

&(c;l<7) a 0 (t)jfeK J: «3 i*--T ^/w • y «7 • t-i'^^y^ J cc SrSi^i-SIS 
g«/&£H9 l Sr#flRLTBttW-t-«o INT ^ * •-*4 9A'*Jv9 J cc f±, 

B£<9^9* p s/i'-tH' ^/K^y^XWu oJOI (N-l) JWIHJKfcfi-SSSN 
JWMK>|gi!i-C*)S. tfcoTHI 9 1 ^tf>H#[HlSg6 4frCb'&bfrtcm (N-l) 
f^(D\£—iP i>y 9 j pp(N _i, (-fefp^n^Woft*f6<j«*e>r) l-fcfU JfcKftfcih, 
feSNi^e-^v;^ J pp(N) Sr^ElK 7 2KJ:«JgL3U*fcfc J pp(N) - 
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^ffi&b LT^mSsl 4, 1 5^M$ii5. J cc ©«^Jt*©0l«rBI9 

09 3l^t, AWHf*^* J PP R— iN* >»'^y^«rH8 

^£rfc* h^7^M7 3 K«fc 9* El 9 4 K^-T. ffilH £ t>1f>f > 

J cc &«9J£U J cc Ok* ^?A^k^ h ^^ffr&££7 3 

U ^Ofc* h^7^&f£fi£Lifcte*&l2 9 8t£^\ r. 3x k <£> HI tiMft 7 > 

At>m%-<D€ii&m&mt^. mm&m (am) ^^^ofctti©i^i± N :© 
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f@$t^t$J±13M£6 1 t^A^i--5 J: 9(-L/'c4i^-e^5 0 ^ y 7 4 K;}o<^-C(i, 
TtD^jff, tv^^MI &(Di»ItlX°t>. AJim^rCDig. (At£) (i£ 

<Wf i LtvMBiVth 1 ■^**«>yt^2 L#vHi£v th 2 (<v 

th l) «t!)/h$i^tll±l!2 L#^f V th 2 iI#3l>x.5wi:^tL5. w<D 

(^^A^fy^-^/u) T in <t. 1kKWA*b ~o<DB#^iJffig 
ftl) fcifefeS^ft^y^TsfcA^L-C. w*te>^>fiT in , T s K J; 9 

£&*imt lstz.m&X~&>Z> 0 m 9 9 a lifi?#Hf z c (t)co2l$:£B x c (t) 
WjKJSi:, t^iS^o^D^^ (OBI) Sr^i", w <04fcfB*i*SHIS A 0 (t) £ 
|H9 9bl^U -t<Z)i££H£ a ^ n^^co-^^^WC^OPnT'^-f-o rcD^J-Cfi 

t5t-<^'y^^tfc5o r^@flit'< yfc^y*<D lJSJWK, 3 4 
ISO A <J> Wt'n^n^fyT'/^SEt^. 0 9 9 it&WiX'r y~7 T s iU7t 
V^/l'jGU ^#fflfifi T in ^ 1 7 ■V-^Zf/l'&<Dm&T\ tH&t$M j A <*> (t)<Dif 
n^n^fyy/l/iA 4> (j) «t > j +T in <DtitM<n>-\* n ? PXfy^A 0 (j + 
T in ) A 0 (j + T in ) — A <f> (j)j6«8**£n*. &KB#£«)(j + T in )tf>1^ 

"TVHSA * (j+T in ) ^r^> T in |£Z>-*^-7VWK A * (j+ 2T in ) t WiA * (j + 
2T in )- A <f> (j+Tj^fe^ixS, fi£*W*>f J*<< ^?~-;</isffiffimmfrt*X* 

z.(n&mxtt&mx J r >y7 T s ^H^ll T in J:^ T s <T in ^ 

So 0*19 11 1 0 0(-7F-f-«t (1 1 0 0 a ^n^^vbR^J^lJ^^SV^ 

B##J j >0> bib f££Bfl#rL£:4§ 12 1 0 0 b {CtjH" J: 0 B##J j frbmm* 
f^/Ts w't«Jj, j + T s , J+2T S , ••T'A 0 (O^I^^/UA * (j) , 
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M(j + T s ), A 0 (j + 2T S )-£&{±}U 31 1 -t^7Vt^?iJ<i: LT^y 7r ^ ^E- 
UldlMU B#£ijj, j + T s , j+2T s , -ICttU mttmm T in tLtfmtl 

t^M j + T in , j + T s + T in , j+2T s + T in , -TBlOOct*tJ:5tA*(t) 
<D#-9-^^/UA 0 (j + T in ), A <f> (j + T s +T in ), A <*> (j+2T s + T in ), 
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